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Congenital heart diseases (CHDs) are the most common defects presenting at birth, defined by abnormal development of the heart and great vessels. CHD prevalence is estimated to be 1% of all live births, representing almost one-third of total major congenital anomalies. They are considered to be the leading noninfectious cause of infant morbidity and mortality, accounting for 6% of neonatal and 46% of congenital deaths respectively. 1, 2 The identification of parental and environmental risk factors is of great importance in order to effectively apply preventive measures to reduce this CHD burden. 3 However, the acknowledgement of the true impact of a single risk factor is in many cases not feasible as the CHD spectrum seems to have a multifactorial basis. Specifically, a number of chromosomal anomalies, certain maternal illnesses and prenatal exposures to toxins or therapeutic drugs have been recognized as risk factors. Moreover, environmental teratogens may have an additional effect in defective heart development. 4 With respect to alcohol consumption, for thousands of years, alcohol has played a major role in human civilization. Since ancient times, alcohol has been used for leisure, trade and religious purposes. Currently, it is believed that as much as 40% of the world's adult population consumes alcohol. Furthermore, it is estimated that 50% of women of childbearing age in the US consume alcohol to various degrees. 5 Although there are reports suggesting that moderate alcohol consumption may be associated with lower prevalence of cardio-metabolic risk factors in young adults, 6 the causal link between maternal alcohol consumption and foetal defects has been definitely established. The first report of the foetal alcohol syndrome (FAS) was made in 1973 by Jones and Smith and included craniofacial abnormalities, growth deficiencies, central nervous systems dysfunctions and neurobehavioural disabilities. The prevalence of CHD among FAS births is reported to be as high as 70%, confirming their significant association with prenatal drinking. 7 The pathophysiological basis consists of genetic and epigenetic factors or direct toxicity to the embryonic neural crest cells, which play a major role in valvular development and heart septation ( Figure 1 ). Specifically, different variations of the genes encoding for the enzymes responsible for alcohol metabolism in the mother and foetus can lead to differences in enzyme activity, hence, increased alcohol levels and subsequent direct organ damage. The disturbed epigenetic processes include DNA methylation, histone modification and RNA interactions. 5 Additionally, maternal alcohol exposure seems to affect the Wnt/b-catenin signalling pathway which promotes cardio-genesis and can be protected with administration of folate. With respect to neural crest cells, the most probable explanation of their defective development in the presence of ethanol would be their high sensitivity to free radicals due to an inherent decreased endogenous superoxide dismutase activity and thus increased apoptosis and the direct alcohol effects that may hinder their cell migration process. 5 Although the pathophysiological link of parental alcohol exposure and CHD in offspring seems unambiguous, literature appears inadequate to establish a direct association. Specifically, three previous metaanalyses on this subject provided mixed or negative results. First, Yang et al. included 20 studies (16 casecontrol and four cohort studies) published up to 2013 with a total population of 310,999 individuals. 8 The association, however, between prenatal alcohol exposure and overall CHD risk was examined in only eight studies, with 3749 cases and 122,200 controls. Parental alcohol consumption did not confer an increased risk for overall CHD in offspring, with the exception of the dextro-transposition of the great arteries. To lend more support, when the investigators excluded the studies published before 2000 a significant association emerged with ventricular septal defects. The explanation by the authors for these contradictions was that CHDs are highly heterogeneous and different risk factors may lead to different kinds of heart defects. Unexpectedly, binge and heavy paternal drinking conferred a threefold higher risk of CHD in offspring than their counterparts without alcohol exposure. 8 Accordingly, the meta-analysis by Wen et al. included 23 studies up to 2014 (19 case-control and four cohort studies) with a total of 19,160 CHD cases and 293,221 controls. It reported null association between maternal alcohol consumption and CHD in offspring. 9 Moreover, neither the amount nor the period of alcohol consumption during pregnancy seemed to have any association with CHD. Publication bias, the heterogeneity of the included studies and the inability of controlling for confounding factors were the most important limitations of this meta-analysis. The investigators concluded that future cohort studies are imperative to elucidate this contentious issue. 9 Similarly, the meta-analysis by Sun et al. was in line, reporting null association between parental drinking and CHD in offspring. 10 
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The results of the above meta-analyses were unexpected based on the fact that even low amounts of alcohol exposure may lead to the FAS and CHDs are highly prevalent among this syndrome. Zhang et al., in this issue of the European Journal of Preventive Cardiology, succeeded in providing an updated metaanalysis that eventually confirmed the correlation of prenatal alcohol exposure and CHD. 11 It included 52 studies (three cohort and 49 case-control studies) with a total of 41,290 CHD cases and 296,691 controls. Maternal alcohol consumption was significantly associated with the risk of overall CHD (odds ratio (OR) ¼ 1.12, 95% confidence interval (CI): 1.02-1.22; p ¼ 0.01). The inclusion of recent studies from 2015 until 2018 along with studies in Chinese language holds a pivotal role for this positive result. The only significant correlation, however, with a specific phenotype was with tetralogy of Fallot. Furthermore, this is the first meta-analysis that identified a positive association between paternal alcohol exposure and CHD (OR ¼ 1.48; 95% CI: 1.22-1.80). Epigenetic processes such as DNA methylation, histone modification and miRNA expression are the possible pathophysiologic mechanisms, although the exact underlying pathophysiological substrate warrants further investigation. Parents having binge alcohol experiences conferred a significantly higher risk for CHD compared with those without alcohol exposure. Last, a definite doseresponse relationship was finally established. Interestingly, when maternal or paternal daily alcohol consumption was more than 116 g or 375 g, respectively, the risk of total CHDs in offspring was significantly increased, by over 40%. Due to the observed substantial heterogeneity, the authors identified geographic region and whether the confounding factors were adjusted as relevant heterogeneity moderators. Sensitivity analysis, however, controlling for the heterogeneity factors yielded similar results.
The updated meta-analysis by Zhang et al. is the first establishing a positive correlation between parental alcohol consumption and CHD in offspring. 11 This is important considering that although the pathophysiological link has been unanimously proven, all the existing studies until now provided mixed or negative associations. This was a confusing issue for the scientific community. The null results of the three previous metaanalyses may be explained with the low number of included studies and subjects. Additionally, the existing heterogeneity along with the low quality of some of the included studies may have played an additional role.
Conclusively, parental alcohol consumption (maternal and paternal) is a significant risk factor for CHD in offspring. Importantly, higher amounts are associated with higher risk. Therefore, increased awareness and educational programmes for a non-alcohol lifestyle modification are imperative for parents in order to minimize the negative impact of alcohol exposure to their unborn children. Future well-designed cohort interventional studies are warranted in order to provide further evidence on this crucial subject.
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